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. In France November 17, 1932 


§ Claims, (CL 73—185) 


This Application has been Sled in France on 
November 17, 1932. ‘ 

The present invention relates to devices for 
indicating the variations of pressure of the work- 


g ing fluid of an engine, and especially for automat- 


ically tracing a diagram showing the value of the 
. Pressure of the working fluid in an engine either 
as a function of time, or as a function of the vol- 
ume of the mass of working fluld that is studied. 


10 +The invention may also be used for producing 


dlagrams of the pressure variations of fluids oper- 
ating In refrigerating machines, pumps, compres- 
sors, hydraulic machines, guns, fuses and other 
apparatus. 


35 ‘The invention may further be applied to study 


the turbulence of the fluids, to detect sounds and 
witra-audible vibrations, or to study mechanical 
accelerations, 

The devices usually employed for determining 


go tapid and periodical variations of pressure such 


as occur in high speed thermal engines, may 
be of two general types, those giving stroboscopic 
indications and those comprising a very ight mov- 
able armature and giving an instantaneous in+ 


& 


25 dication. Devicés of the first type which only 


give @ mean or average indication of the succes- 
sive cycles, are not able to disclose sporadic anom- 
alies, the study of which may be very important; 
devices of the second type may be divided into two 


80 classes, viz., devices giving optical indications and 


devices producing a record by mechanical means. 
Devices of the latter type (which have been al- 
most completely abandoned) give a diagram 
which is extremely small and scarcely usable for 


. 88 accurate measurements, As to the optical de- 


vices, they hardly render possible a combination 
of movements giving the pressure-volume dia- 
gram. None of these apparatus renders it possi- 


ble to study.the variations of pressure beyond 25- 
40 to 30 cycles per second. 


The object of the present Invention {s to obvi- 
ate these disadvantages, 

The essential feature of the Invention consists 
in causing a Nght beam. of predetarmined shape 


48 to fait onto a reifecting face of @ dlanhragm the 


opposite face of which ts subjected to the pres- 
sure of the. fluld in the engine, and in causing the 
reflected beam of Hight froin said surface to act 
on @ Ught sensitive device, preferably an electro- 


' 8 optical device such as a photo-electric cell, re- 


aponsive to variations of the ight flux per unit of 
area across. said redected beam. The Ught senst- 
- tive device is adapted.to render perceptible the 
veriutions of said light flux. For instance if tt 


88: consists of & photo-electric cell it transforms the 
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variations of light flux into variations of an elec. 
tric current which, after suitable amplification 
produce displacements of a visible spot on a screen 


in the direction of a given axis of coordinates, for | 


Instance by means of an oscillograph, 

Means até provided for causing sald spot to 
move simultaneously on said screen ia the diree- 
tion of another axis of coordinates in accordanca 
with variations of any desired variable, for tn- 
stance time, or the volume of the mass of fluid 
that is studied in the engine. | 

The accompanying drawing shows, by way of 
example, an apparatus for carrying out the pres- 
ent invention. : 

Fig. l shows a diagranimatic view of the d-:vice 
adapted for the study of the fluid operating In the 
cylinder of a piston engine. 

Fig. 2 shows a diagram of the pressure as a 
function of the volume, ; 

Fig. 3 is a diagram showing the pre sure as a 


function of time as delineated by the spot of light. ~ 


Referring now to Fig. 1, a thermal] engine cyl- 


-inder {, for example the cylinder of an Internal 


combustion engine is shown, wherein the fluid 
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pressure varies under the action of a piston 2 25 


connected to the connecting rod and crank driv- 


dng the shaft 4, In the cylinder head {s screwed | 


& small pressure chamber 5 communicating with 
the interior of the cylinder by moans of the cone. 
duit T and closed by an elastic and reflecting dia- 
phragm 6. a : 

A beam of Ught emitted by a source of Ught 
8 and rendered parallel, convergent or divarsent 
by means of # suitable optical device, for example 
@ lens 9, falfe on the reflecting diaphragm, Jn 
front of which may be provided # screen, and {s 
reflected so as to fall on a photo-electric cell 18 
in front.of which is placed a diaphragm {t. The 
photo-electrie current furnished by a direct cur- 
rent source, such as a storage battery 12, passes 
through an amplifier 13 such as for exampi: a 
triode valve amplifier. The output terminals of 
the latter are connected to the Orst rir of de- 
flecting plates i4 of the cathodic oscillogr 
which cause the deflections of the co ‘adie ty 
in the direction of the axis of pro cas $$. ie 
the usual manner, the cathodic beam produces a 
fluorescent spot on. the se:zen 40 formed at th 
end of the ginss. tube of the oscillograph, ‘The 


35 


40 


presstlre variations of the fluid contained In the & 


eylinder € cause variations of curvature of che 
dMaphragm § which works. successively for ine 
creasing pressures first lke a concave, then like 
® plane, then like a convex mirror, inasmuch 


as when the pressure is low in the chamber 5, 9 
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. the said diaphragm ts externally concave, then 


as the pressure increases it exhibits a plane sur- 
face, and when the pressure still further in- 
creases it presents a convex-surface towards the 
exterior. An Increase of pressure thus causes 
an increase in the divergence of the reflected 
beam and consequently a decrease in the luminous 
flux falling on to the cell {0 through the aperture 
of diaphragm fi. A variation of the photo- 
electric current is thus produced and causes 3 yar 
riation of the voltage on the output terminals 
of the amplifier 13. If the deformations of the 
diaphragm and the variations of incident light in 


. the cell are weak and the amplifier 13 without 


distortion, the variations of the voltage applied 
on the deviating plates (4 will be proportional 
to the variations of pressure as will also. be the 
deflections of the fluorescent spot on the screen 

It is obvious that, without altering the result, 
there may be inserted in the path of both the in- 
cident and the reflected beams any suitable op- 
tical systems such as lenses modifying the con- 
vergence of the beams of light or mirrors or 
prisms changing their direction. 

The other pair of deflecting plates !6 give de- 
flections of the fluorescent spot on screen 40 in 
the direction of the axis 17 of the coordinates 
(Figs, 2 and 3), 

When the arm of switch 18 1s on contact (6s, 
the voltage impressed on plates 16 varies as a 
function of time but in synchronism with the 
cycle of the engine, In other words, the voltage 
impressed on plates 18 undergoes a succession of 
increases or decreases, as a Hnear function of 
time, separated from one another by sudden, and 
practically instantaneous, decreases or increases, 
respectively, of said voltage, whereby the curve 
showing the variation of sald voltage as a func- 
tion of time has a saw-toothed shape, the period 
of said voltage variation being equal to, ér being 
& multiple or a sub-multiple of, the pericd of the 
cycle of the engine, Voltage variations of this 
kind can be obtained through known oscillators, 


for instance a relaxation oscillator of the type 


. disclosed by French Patent No. 635,353. 
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Such an oscillator includes a two-electrode tube 
31, the fllament of which ts fed from ‘a source 32 
through a rheostat 33. A source of continuous 
current 34 the negative terminal of which is 
connected to source 32 feeds current.to the anode 
of tube 3! through a condenser 35. A neon tube 
36 and a small resistance 37 connected together 
in series are connected, in shunt relation, to the 
terminals of said condenser 3§, An alternator 38, 
keyed on the shaft 4 of the engine, feeds an al- 
ternating potential difference of relatively low 
value to the terminals of resistance 37: 

When the arm of switch (8 {s on contact 18s, 
the plates t6 of the oscillograph are connected 
with the etrcuit of this oscillator and the dia- 
gram 19-(Fig. 3) traced on the fluorescent spot 
on the screen 40 of the oscillograph shows the va- 
riation of the pressure of the working fluid in 
the engine as a function of time. : 


‘When the arm of switch 18 is on contact 18¢, 


the voltage. variations impressed on plates (6 
of the oscillograph are produced by an alternator 
23 keyed on the shaft @ of the engine in such 
manner that the maxima and the minima of said 


voltage correspond to the dead center Positions . 
of piston 2. On the screen 40 of the oscillograph, 


there will thus be obtained a curve such as 24 


(Fig. 2), corresponding. to the pressure. volume. 
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diagram in the case of a connecting rod of in- 


finite length. 

Finally, when the arm of switch 18 is on con- 
tact 18>, the voltage variations impressed on 
the plates {6 of the oscillograph are proportional 
to the displacements of piston 2, and therefore 
to the volume of working fluid in the engine cyl- 
inder. These voltage variations are, for instance, 
obtained as follows: : 

A crank and connecting rod system 22 exactly 
similar to the corresponding system 3 of the 


10 


engine is keyed on the shaft 4 of said engine and | 


drives an opaque shutter 23, displacing it in front 
of a window 24; a source of light 25 Projects, 
through the medium of a suitable optical system, 
@ light beam through the portion of the window 
uncovered by shutter 23 and the beam of light 
passing therethrough falls on a photo-electric 
cell 26. The current of cell 26, aniplified by the 
amplifier 2% is fed through switch 18 to the 
second pair of deflecting plates (§. By sultably 
adjusting the dimensions of the window 24, the 
result may therefore be obtained that the lumi- 
nous flux falling on to the cell 26 will be propor- 
tional to the volume of the fluid contained in the 
cylinder. Under these conditions and if the 
amplifier does not introduce any distortion, the 
displacement of the spot on the screen in the 
direction of the axis {7 will also be proportional 
to the fluid volume which rermits of direetly 
obtaining the desired pressure volume diagram. 

The system shown in Fig. 1 offers numerous 
advantages particularly as regards the optical 
device for studying the pressures. 

One of the advantares of the device resides 
in the fact that it permits of reducing to a 
minimum and even eliminating the prejudicial 
space between the interlor of the cylinder and 
the internal face of the diaphragm, 

The diaphragm may be of variable thickness 
according to the extent of the pressures to be 
explored; it is made of a material which is as 
little as possible subject to the varintions of 
elasticity as a function of the temperature and 
it may be maintained on a constant tempera- 
ture by any suitable known means preferably 
Water circulation in the diaphragm or the ad- 
jJacent parts; it may be of as small dimensions as 
may be desired and its natural frequency 
may be reduced to as great an xtent as it is 
desired, for it 1s possible to electrically amplify 
very sUght varlations of convergence of the re- 
flected beam of light, 

Another advantage of this device resides in 
its complete insensibillty to the vibrations of the 
engine, under the condition (which, morecver, 
1s easily realized), that the reflected beam of 
Ught always covers the diaphragm of the cell, 
even under the conditions of maximum conver= 
gence, 

The described devices offer besides the ad- 
vantages of a total absence of inertia, of the ab- 
sence of mechanical conraction permitting of 
investigat .z rotary enzines or tnacc ole an- 
Sines, and of pasy and accurate callb: 
the seale cf pressures by 1234n3 of a static DcES= 
sure which may be appitea to the diaphragm 
under the same thermal conditions. 

It is “vious that the cathodic oscillograph may 
be repiaced by any other device Permitting of 
displacing a spot of ght on a Sereen according 
to two axes of coordinates as a function of two 
electric variables, . 

We claim: 
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1. In connection with an engine inchiding g 75 
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chamber in which s fluid undergoes rapid varla- 
tons of pressure, said chamber being provided 
with an aperture in one of its walls, a device for 
indicating the variations of said pressure which 
comprises, in combination, a diaphragm one side 
of which has a reflecting surface, a diaphragm 
carrier edapted to he fixed directly to a wall of 
said chamber so as to connect the other side of 
said diaphragm ‘vith the inside of said chamber 
through said apurture, means for projecting a 
Ught beam of predetermined shape onto sald 
reflecting surface, a cathodic oscillograph, a 
seen for the cathodic spot of said oscillograph, 
deviating means in said oscillograph for displac- 
ing said cathodic spot parallelly to a axis of co- 
ordinates of sald screen, photo-electric means, 
responsive to variations of the light flux per unit 
of area across the light beam reflected from 
sald surface of the diaphragm, for controlling 
said deviating means, deviating means in said 
oscHlograrh for displacing the cathodic spot 
thereof parallely to another axis of coordinates 
of sald screen, and means for controlling the 
last mentioned deviating means. : 
2. In connection with an engine including a 


‘ehamber in which.a fluid undergoes rapid varia- 


tions of pressure, said chamber being provided 
with an aperture in one of tts walls, a device 
for indicating the variations of said pressure 
which compiises, in combination, a diaphragm 
one side of which has a refiecting surface, a 
diaphragm carrier adapted to be fixed directly 
to @ wall of said chamber so es to connect the 
other side of said diaphragm with the Inside 
of said chamber through said aperture, means 
for projecting a light beam of predetermined 
shape onto said reflecting surface, a cathodie 
aseillograph, a screen for the cathodic spot of 
sald oscillograph, a pair of plates in sald oscll- 
legraph for deviating sald cathodic spot paral- 
ley to an axis of coordinates of said screen in 
accordance with the voltage impressed on sald 
plates, a photo-electric cell operative by the 
light flux passing through a fixed section of the 
light beam reflected trom said surface of the 
diaphragm,’ meens, including an amplifier, for 
connecting the electric terminals of sald cell with 
sald plates, another pair of plates in sald oscile 
jograph for deviating sald cathodic spot paral- 
jelly to another axis of coordinates of sald screen 


- In accordance with the voltege impressed on said 


plates, and means for impressing voltage osctl- 
jJations on sald last mentioned pair of plates. 


> 


3 


3. A device according to clalm 2 in which the 
last mentioned means Include an alternator 
driven in synchronism with the engine and means 
for connecting the terminals of sald alternator 
With said second mentioned pair of plates re- 
spectively. 


4. In the case of an engine including a@ cylin= | 


der, a piston movable in said cylinder, a shaft, 
and means for interconnecting the reciprocating 
relative movement of said piston and said cylin- 
der with the revolving movement of said shaft, a 
device according to claim 2 for inalcating the 
variation of pressure in the chamber Umited by 
said piston and said cylinder, in which the last 
mentioned means of claim 2 includes, a photo- 
electric cell, a source of Hght adanted to project 


_& light beam onto said ljast m-ationed cell, a 


shutter movable across the path of the last mene 
tioned light beam, means operative by said shalt 
for imparting to said shutter with respect to 
sald last mentioned Ught beam a movement 
identical to the relative movement of sald viston 
and said cylinder, whereby the light flux allowed 
to flow past sald shutter to said iast menticn=d 
photo-electric cell is prorortional to the volurse 
of said chamber, and means for connecting the 
electric terminals of said second mentiou~t 


photo-electric cell to the second palr of plates, 


respectively, 


5. A device according to claim 2, in -which the ¥ 


last mentioned means comprise g relaxeccn 
oscillator adapted to sive pertodical variations 
of voltage which are linear o3 a function of time 
and.the perlod of which corresponds to that of 
the cycle of the engine, means for synchroniz- 
ing sald oselllator“with the cycle of satd * 
and Means for couchag said oselilator wita «a. 
second mentioned pair of plates of said oculiloe 
graph. 

8. A device according to claim 2, In which the 
last mentioned means comprise a relazstion ti. 
cillator adapted to give periodical variations of 
voltage which are linear as a ftinietlon of tlie 
and the period of which correszoniz to that of 
the cycle of the engine, an alternator operstiveiy 


Pa 


connected with sald enzine and counted with sata - 


oscillator so as to synchronize said escUistor with 
the cycle of eald engine, and means for coupling 
sald ogcillator with sald second mentioned pair 
of plates of sald oscillograph. : 
MARCEL DEMONTVIGNIER. 
ANDRE LABARTHS, 
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